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Top Objects Definition and 
Performance at ATLAS



Top events are full of objects
Jets

Leptons

b-jets

MET
2

For boosted jets 
see S. 

Fleischmann on 
Thursday
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Pile-Up affects Objects

✦ 2 types of pile-up (PU):
✦ In-Time: multiple interactions 

from a single bunch crossing
✦ Out-of-Time: 50ns bunch 

spacing but LAr has 
250-600ns drift time

✦ Impacts essentially every object
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One of the PU handles: Jet Vertex Fraction
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Jet Vertex Fraction: quantifies the fraction of track 
pT associated to the jet coming from the hard-

scattering interaction 

hard scatter PV
soft scatter PV



Electrons
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Trigger & Reconstruction

✦ Triggering on electrons 
in 2011
✦ ET>20 GeV ---> 22 GeV
✦ in high PU periods: 

request “hadronic core 
veto”
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✦ Reconstruction
✦ sliding window algorithm for EM clusters
✦ match track with clusters
✦ keep conversion photons at this point to ensure high 

efficiency

Electrons

 (GeV)Telectron E
10 15 20 25 30 35 40 45 50 55 60

Tr
ig

ge
r e

ff.

0

0.2

0.4

0.6

0.8

1

ATLAS Preliminary
-1 Ldt=206 pb0Data 2011   

e20_medium trigger

>14 GeV)
T

L1 (E

>19 GeV)
T

L2 (E

>20 GeV)
T

EF (E



Identification
✦ acceptance: | !cl|<2.47
✦ MVA containing various calorimeter variables
✦ Track quality requirements: number of hits, d0, ratio of 

number of transition radiation  hits to total number of 
hits

✦ track matching                                                            
requirements

✦ conversion veto
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Number of reconstructed primary vertices
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Isolation & 2012 changes
✦ Isolation variables: 

✦ ET within ΔR<0.2
✦ PT within ΔR<0.3
✦ keep eff fixed at 90% by changing 

cut value in pT and !
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Electrons

✦ Improvements in 2012 reconstruction 
algorithm:
✦ track pattern recognition now takes 

Brem. into account
✦ Gaussian Sum Filter algorithm used to 

refit tracks associated to EM clusters 
and more performant track cluster 
matching



Impact of PU
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✦ Reoptimization of 
identification due to PU:
✦ relax variables sensitive 

to PU like the fraction of 
E leaking into hadronic 
calorimeter

✦ tighten other variables 
that are PU-robust like 
lateral shower shape in 
first sampling

Electrons



Data calibration
✦ efficiency (trigger, reco, id, 

isolation):
✦ T&P of Z->ee
✦ η and pT bins
✦ Total unc. on SF is about 

2.5% (of which 1% is from 
PU)
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Tag

Probe

Electrons



Data Calibration
✦ Energy scale and 

resolution: 
✦ Z →ee, J/"→ee and E/p 

of W→e#
✦ binned in !, p and ET

✦ Syst. unc. about 1-1.5%
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Muons
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Trigger 

✦ Triggering on muons in 2011
✦ pT>18GeV through the full period
✦ tightening of L1 criteria half-way through
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Muons



Reconstruction

✦ Fit tracks separately in the 
ID and MS
✦ Top analyses use 

combined muons
✦ |η|<2.5
✦ ID track quality cuts are 

applied
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Muons



Isolation studies
✦ Isolation is optimized for low dependence 

on PU and high multijet background 
rejection
✦ Require ET (!R<0.2) < 4 GeV

✦ since ET very affected by PU, 
require small cone and large value

✦ Require PT (!R<0.3)  <2.5 GeV
✦ since PT is less affected by PU, can 

require larger cone size and small 
value

✦ !R(",jet)>0.4, no dependence on PU if 
require jet PT >25GeV and Jet vertex 
fraction  > 0.75
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Muons

Jet Vertex Fraction: quantifies the fraction of track pT associated to 
the jet coming from the hard-scattering interaction 



Isolation studies
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Muons



Calibration in Z

Resolution function:
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Muons



Tau
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ATLAS Preliminary
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✦ See G. Khoriauli talk today on cross-
sections

✦ ATLAS hadronic taus:
✦ seeded by jets associated with 1 

or >=3 tracks
✦ Various discriminants are used to 

remove jet and electron fakes
✦ Performance: 

✦ jet rejection factor: ~300 for 
35% signal efficiency

✦ electron rejection factor: 
100-1000 for 50% signal 
efficiency

Taus

Had
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Jets
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Reconstruction and Selection
✦ anti-kT algorithm (R=0.4) starting from 

topological clusters (EM scale)
✦ PU subtraction scheme at EM scale for both 

in-time and out-of-time
✦ correction depends on Nvtx, " and #

✦ hadronic scale correction applied using MC 
pT and η

✦ Selection:
✦ reject bad jets (hardware problems, beam-

gas interactions, cosmic rays)
✦ Most analyses require |JVF|>0.75 (scale 

factor ensures agreement data-MC)

✦ Jet Vertex Fraction: quantifies the fraction of track pT 
associated to the jet coming from the hard-scattering 
interaction 
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Jets
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Energy scale
✦ Jet Energy scale calibrated from MC truth
✦ calibration: Z+jets and $+jets pT balance 

analyses are used for |η|<1.2, for |η|>1.2, 
dijet pT balance is used

✦ JES from full 2011 dataset and now allows for 
the various uncertainty sources to be nuisance 
parameters
✦ Additional nuisance parameters include 

high-pT extrapolation, intercalibration for 
jets with high eta and PU 

✦ allows analysis to fit for this in-situ
✦ Top analyses also apply uncertainties:

✦  b-jet
✦ light-quark and gluon composition
✦ close-by jet (multijet environment)
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Jets

$+jets

Z+jets
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Resolution and efficiency
✦ Jet energy resolution (JER) agrees 

between data and MC in both di-jet 
balance and bi-sector technique, so no 
MC smearing

✦ there is systematic on the JER based on 
the uncertainty of the calibration
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Jets



b-jets
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b-tagging algorithms
✦ 3 tagging algorithms weights, as well as jet pt 

and η are input into a Neural Network

1. (JetFitterCombNN) exploits topology of 
b- and c-hadron decays inside the jet 
using Kalman filtering (likelihood uses 
vertex mass, momentum, flight-length 
sig., track mult.)

2. (IP3D+SV1) d0/%(d0)and z0/%(z0) 
reference pdf for b-jets and light jets (from 
MC) used

3. (SV0) search for two-track vertices 
( invariant mass of tracks, Etrack/Ejet, N 
2-track vertices also used)
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b-jets



b-tagging algorithms

✦ JetFitterCombNNc has been optimized for 
charm rejection to help with for example 
W+c background (single top analyses)

✦ Soft Muon Tagging algorithm relies on a 
good muon inside a jet
✦ used for top cross section analysis (see 

ATLAS poster)
✦ also allows for charge tagging (b/c vs 

b/c)
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Efficiency calibration
✦ b-tagging efficiency SF between data and MC are 

obtained from various data-driven methods
✦ System 8
✦ pTrel

✦ D* selection
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✦ methods compatible with 
each other, SF close to 1, 
calibration methods 
combined ---> reduces 
uncertainty (down to below 
10%)

b-jets



Efficiency

✦ tt sample used as calibration as 
well (not for top analyses)

✦ dedicated c-jet efficiency SF are 
obtained from a dedicated D* 
analysis

✦ for tau-jets: c-jets SF are used 
with increased uncertainty
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Mistag calibration
✦ probability of light jet being b-tagged is 

calibrated using:
✦  SV0-mass method:

✦ templates from MC of inv mass of 
the secondary vertex is fit to the 
data

✦ Negative tag rate method
✦ SF for efficiency and mistag are binned in 

pT and η of the jet

✦ each individual systematic uncertainty 
is varied as well as bin-to-bin 
covariance matrices used

✦ SF uncertainty varies from 18% to 49%
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b-jets



Missing ET
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Definition of MET for Top

✦ Top MET uses top object definitions: calorimeter cells are 
calibrated according to which objects they are associated 
with

✦ Remaining energy cells are included as a Cell Out term 
calibrated at EM scale
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i e AW 
 = 7 TeVs

✦ jets with pT>20GeV included at EM+JES scale 
while jets with 7GeV<pT<20GeV at EM scale

✦ Muon term uses the muon pT of all isolated 
muons 

✦ PU is contained in SoftJet and CellOut

✦ small fraction of whole MET

✦ 6.6% uncertainty on MET from soft terms
31
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Conclusions

✦ ATLAS Top object definitions and 
calibrations have evolved a long way over 
the 2011 period

✦ Top members are at the forefront of 
ATLAS on those topics

✦ Combination of methods provides best 
performance
✦ systematic uncertainty determination 

quite sophisticated
✦ PU has been a challenge but ATLAS has 

risen to it

Muon trigger isolation efficiency
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